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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY DEVICE

CLAIM OF PRIORITY

The present application claims priority from Japanese
Application JP 2006-294472 filed on Oct. 30, 2006, the con-

tent of which 1s hereby incorporated by reference 1nto this
application.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to transtlective liquid crystal
display devices, and more particularly to a transtlective liquid
crystal display device that enables transmissive display at a
wide viewing angle, and also enables an excellent visibility
even under a very light environment such as outdoors.

(2) Description of the Related Art

A transflective liquid crystal display device having a trans-
missive portion and a retlective portion within one sub-pixel
has been employed as a display for a mobile device.

On the other hand, a liquid crystal display device of the IPS
system has been known as a liquid crystal display device. In
the liquid crystal display device of the IPS system, pixel
clectrodes and a common electrode are formed on the same
substrate, an electric field 1s applied between the pixel elec-
trodes and the common electrode, and liquid crystal 1s rotated
within a substrate plane to conduct light and dark control. For
that reason, the liquid crystal display of the IPS system has a
teature that the shading of a display image 1s not reversed
when a screen 1s viewed from an angle.

To utilize the above feature, for example, Japanese Patent
Application Laid-Open Publication No. 2006-171376 pro-
poses that the transflective liquid crystal display device 1s
constituted by using the liquid crystal display device of the
IPS system.

SUMMARY OF THE INVENTION

In Japanese Patent Application Laid-Open Publication No.
2006-1713776, 1n order to give a normally black display to a
reflective display region, the thickness of a liquid crystal layer
in the reflective display region 1s reduced to about half of a
transmissive display region, and a %2 wavelength plate 1s
disposed 1n only the reflective display region.

However, the liquid crystal display device of the IPS sys-
tem suiifers from such a problem that a voltage-luminance
characteristic of the transmissive display region 1s different 1n
a changing manner from a voltage-luminance characteristic
of the reflective display region because a drive voltage 1s
stepped up when the thickness of the liquid crystal layer 1s
thinned.

In order to eliminate the above problem, 1n Japanese Patent
Application Laid-Open Publication No. 2006-171376, the
transmissive display region 1s driven by the IPS system, and
the reflective display region 1s driven by the vertical electric
field system 1n the transflective liquid crystal display device.

However, Japanese Patent Application Laid-Open Publica-
tion No. 2006-1713°76 merely discloses the basic concept that
the transmissive display region 1s driven by the IPS system,
and the reflective display region 1s driven by the vertical
clectric field system 1n the transflective liquid crystal display
device. Japanese Patent Application Laid-Open Publication
No. 2006-171376 does not disclose a specific configuration of
the transtlective liquid crystal display device in which the
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2

transmissive display region 1s driven by the IPS system, and
the retlective display region 1s driven by the vertical electric
field system.

That 1s, Japanese Patent Application Laid-Open Publica-
tion No. 2006-1713776 fails to teach the transtlective liquid
crystal display device that enables transmissive display at a
wide viewing angle, and also enables an excellent visibility
even under a very light environment such as outdoors.

The present invention has been made to solve the above
problems with the related art, and therefore an object of the
present 1nvention 1s to provide a transilective liquid crystal
display device that enables transmissive display at a wide
viewing angle, and also enables an excellent visibility even
under a very light environment such as outdoors.

-

The above and other objects and novel features of the
present mnvention will become apparent from the description
of the present specification and the attached drawings.

The outline of the representative embodiment according to
the present invention will be described below 1n brief.

(1) A transtlective liquid crystal display device including a
liquad crystal display panel having a first substrate, a second
substrate, and a liquid crystal interposed between the first
substrate and the second substrate 1n which the liquid crystal
display panel includes a plurality of subpixels having a trans-
missive portion and a reflective portion, wherein the trans-
missive portion of each of the plurality of subpixels includes
a first common electrode formed on the first substrate, and a
transmissive pixel electrode formed on the first common elec-
trode through an 1nterlayer insulating film, wherein the trans-
missive pixel electrode has a plurality of pectinate electrodes
or slits, and wherein the retlective portion of each of the
plurality of subpixels includes a reflective electrode formed
on the first common electrode, a planar reflective pixel elec-
trode formed on the first common electrode through the inter-
layer 1nsulating film, second common electrodes formed on
the second substrate, and a retarder formed between the sec-
ond common electrodes and the second substrate.

(2) In the configuration of the 1tem (1), the transmissive
pixel electrode includes a plurality of pectinate electrodes,
cach of the plurality of pectinate electrodes has an oblique
portion at one end of the reflective pixel electrode side so that
an interval between the oblique portion and the other pecti-
nate electrode becomes gradually larger, and a leading end of
the pectinate electrode at the opposite side of the reflective
pixel electrode 1s hooked.

(3) In the configuration of the item (1), the reflective por-
tion of each of the plurality of subpixels has a reflective pixel
clectrode having a plurality of pectinate electrodes or slits
instead of the planar reflective pixel electrode.

(4) A transtlective liquid crystal display device including a
liquad crystal display panel having a first substrate, a second
substrate, and a liquid crystal interposed between the first
substrate and the second substrate 1n which the liquid crystal
display panel includes a plurality of subpixels having a trans-
missive portion and a reflective portion, wherein the trans-
missive portion of each of the plurality of subpixels includes
a transmissive pixel electrode having a plurality of pixel pec-
tinate electrodes and a first common electrode having a plu-
rality of common pectinate electrodes which are disposed
between the respective pixel pectinate electrodes of the trans-
missive pixel electrode, and wherein the retlective portion of
cach of the plurality of subpixels includes a planar retlective
pixel electrode formed at a position of the same layer as that
of the transmissive pixel electrode, a reflective electrode
formed on the planar reflective pixel electrode, second com-



US 7,599,027 B2

3

mon electrodes formed on the second substrate, and a retarder
formed between the second common electrodes and the sec-
ond substrate.

(5) In the configuration of the item (4), the reflective por-
tion of each of the plurality of subpixels has a reflective pixel
clectrode having a plurality of pectinate electrodes instead of
the planar reflective pixel electrode.

(6) A transtlective liquid crystal display device including a
liquad crystal display panel having a first substrate, a second
substrate, and a liquid crystal interposed between the first
substrate and the second substrate 1n which the liquid crystal
display panel includes a plurality of subpixels having a trans-
missive portion and a reflective portion, wherein the trans-
missive portion of each of the plurality of subpixels includes
a transmissive pixel electrode formed on the first substrate
and a first common electrode formed on the first substrate,
wherein the retlective portion of each of the plurality of sub-
pixels includes a planar reflective pixel electrode formed at a
position of the same layer as that of the transmissive pixel
electrode, a reflective electrode, and second common elec-
trodes formed on the second substrate, wherein a step forma-
tion layer 1s formed between the second common electrodes
and the second substrate, wherein the step formation layer has
a tapered boundary portion between the transmissive portion
and the reflective portion of each of the sub-pixels, and
wherein the second common electrodes extend to a tapered
bottom portion of the step formation layer, and each leading,
portion of the second common electrodes 1s positioned in the
transmissive region of each of the subpixels.

(7) In the configuration of the item (1), the reflective por-
tion of each of the subpixels 1s disposed in the center of each
of the subpixels i a first direction orthogonal to a display line,
and the transmissive portion of each of the subpixels 1s dis-
posed at both sides of the reflective portion 1n the first direc-
tion.

(8) In the configuration of the 1tem (1), the reflective elec-
trode 1s formed of a metal layer having a high retlectivity.

(9) In the configuration of the item (1), the transmissive
pixel electrode 1s integrated with the reflective pixel elec-
trode, and a slit 1s formed between the transmissive pixel
clectrode and the reflective pixel electrode.

(10) In the configuration of the 1item (1), a video voltage 1s
applied to the transmissive pixel electrode and the reflective
pixel electrode, independently.

(11) In the configuration of the item (1), an orientation
control slit 1s formed 1n the reflective pixel electrode.

(12) In the configuration of the item (1), an orientation
control dielectric projection 1s formed on the retlective pixel
clectrode.

(13) In the configuration of the item (1), an orientation
control slit 1s formed on the second common electrodes.

(14) In the configuration of the item (1), an orientation
control dielectric projection 1s formed on the second common
clectrodes.

(15) In the configuration of the item (1), the first common
clectrode has an orientation control slit formed at a portion
that comes 1n contact with at least one side of the reflective
portion of each of the subpixels.

(16) In the configuration of the item (1), the reflective
electrode 1s formed with an orientation control slit, and one
reflective electrode on one display line 1s connected with the
reflective electrode 1s connected to another retlective elec-
trode that 1s adjacent to the one reflective electrode at portions
where no orientation control slits of the reflective electrodes
are formed.

(17) In the configuration of the item (1), the first common
clectrode 1s divided 1n each of the display lines.
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(18) In the configuration of the 1tem (17), a metal layer that
forms the reflective electrode 1s formed on at least a part of the
first common electrode.

(19) In the configuration of the item (1), the second com-
mon electrodes are integrally so formed as to cover the plu-
rality of subpixels on the second substrate, and has an opening
portion at a portion of each of the subpixels opposite to the
transmissive portion.

(20) In the configuration of the item (1), the second com-
mon electrodes are of a laminate structure of a transparent
clectrode and a low resistant metal wiring.

The advantages that are obtained by the representative
embodiments of the present mvention will be described 1n
brief below.

According to the present invention, there can be provided a
transtlective liquid crystal display device that enables trans-
missive display at a wide viewing angle, and also enables an
excellent visibility even under a very light environment such
as outdoors.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, objects and advantages of the
present invention will become more apparent from the fol-
lowing description when taken in conjunction with the
accompanying drawings wherein:

FIG. 1A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a first embodiment of the present mnven-
tion;

FIG. 1B 1s a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the first embodiment of the present inven-
tion;

FIG. 1C 1s a cross-sectional view showing a cross section
structure taken along a section line D-D' of FIG. 1A;

FIG. 1D 1s a cross-sectional view showing a cross section
structure taken along a section line E-E' of FIG. 1A;

FIG. 1E 1s a cross-sectional view showing a cross section
structure taken along a section line F-F' of FIG. 1A;

FIG. 2A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a second embodiment of the present
invention;

FIG. 2B 1s a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the second embodiment of the present
invention;

FIG. 2C 15 a cross-sectional view showing a cross section
structure taken along a section line G-G' of FIG. 2A;

FIG. 3A 1s a plan view showing an electrode structure of a
first substrate side in a transtlective liquid crystal display
device according to a modified example of the second
embodiment of the present invention;

FIG. 3B 1s a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the modified example of the second
embodiment of the present invention;

FIG. 4A 1s a plan view showing an electrode structure of a
first substrate side in a transtlective liquid crystal display
device according to a third embodiment of the present mnven-
tion;

FIG. 4B 1s a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the third embodiment of the present
invention;
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FIG. 4C 1s a cross-sectional view showing a cross section
structure taken along a section line H-H' of FIG. 4A;

FIG. 5A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a fourth embodiment of the present inven-
tion;

FIG. 5B 1s a plan view showing an electrode structure of a
second substrate side 1n the transtlective liquid crystal display
device according to the fourth embodiment of the present
imnvention;

FIG. 3C 1s a cross-sectional view showing a cross section
structure taken along a section line I-I' of FIG. 5A;

FIG. 6A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a fifth embodiment of the present mven-
tion;

FIG. 6B 1s a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the fifth embodiment of the present inven-
tion;

FIG. 7A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a sixth embodiment of the present mnven-
tion;

FIG. 7B 1s a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the sixth embodiment of the present
invention;

FIG. 8A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a modified example of the sixth embodi-
ment of the present invention;

FIG. 8B 1s a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the modified example of the sixth
embodiment of the present invention;

FIG. 9A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a seventh embodiment of the present
invention;

FIG. 9B 15 a plan view showing an electrode structure of a
second substrate side in the transtlective liquid crystal display
device according to the seventh embodiment of the present
invention;

FIG. 9C 1s a cross-sectional view showing a cross section
structure taken along a section line J-I' of FIG. 9A;

FIG. 10A 1s a plan view showing an electrode structure of
a first substrate side 1n a transilective liquid crystal display
device according to an eighth embodiment of the present
imnvention;

FIG. 10B 1s a plan view showing an electrode structure of
a second substrate side in the transflective liquid crystal dis-
play device according to the eighth embodiment of the
present invention;

FIG. 10C 1s a cross-sectional view showing a cross section
structure taken along a section line K-K' of FIG. 10A;

FIG. 11 A 1s a cross-sectional view showing a cross section
structure of a transtlective liquid crystal display device
according to a ninth embodiment of the present ivention,
which corresponds to the cross section structure along the

section line M-M' of FIG. 2A;

FIG. 11B 1s a cross-sectional view showing a cross section
structure of a transtlective liquid crystal display device
according to a modified example of the mnth embodiment of
the present invention, which corresponds to the cross section
structure along the section line L-L' of FIG. 1A;
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FIG. 12 1s a cross-sectional view showing a cross section
structure of a transtlective liquid crystal display device
according to a modified example of the mnth embodiment of
the present invention;

FIG. 13 A 1s a cross-sectional view showing the cross sec-
tion structure of the transflective liquid crystal display device
according to the modified example of the minth embodiment
of the present invention, which corresponds to the cross sec-
tion structure along the section line L-L' of FIG. 1A;

FIG. 13B 1s a cross-sectional view showing the cross sec-
tion structure of the transflective liquid crystal display device
according to the modified example of the ninth embodiment
ol the present invention, which corresponds to the cross sec-
tion structure along the section line M-M' of FIG. 2A;

FIG. 14 1s a cross-sectional view showing the cross section
structure of the transflective liquid crystal display device
according to the modified example of the ninth embodiment
of the present invention;

FIG. 15A 1s a plan view showing an electrode structure of
a first substrate side 1n the transtlective liquid crystal display
device according to the modified example of the ninth
embodiment of the present invention;

FIG. 15B 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n a cross section structure
along the section line E-E' of FIG. 15A 1n the case where no
slit portion (SLP) 1s arranged;

FIG. 15C 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n a cross section structure
along the section line F-F' of FIG. 15A 1n the case where no
slit portion (SLP) 1s arranged;

FIG. 15D 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n the cross section structure
along the section line E-E' of FIG. 15A 1n the case where a slit
portion (SLP) 1s arranged;

FIG. 15E 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n the cross section structure
along the section line F-F' of FIG. 15A 1n the case where the
slit portion (SLP) 1s arranged;

FIG. 16 1s a plan view showing an electrode structure of a
first substrate side in a transtlective liquid crystal display
device according to a modified example of the ninth embodi-
ment of the present invention;

FIG. 17 1s a plan view showing the electrode structure of
the first substrate side 1n the transflective liquid crystal dis-
play device according to the modified example of the ninth
embodiment of the present invention;

FIG. 18A 1s a plan view showing an electrode structure of
a first substrate side and a second substrate side 1n a trans-
flective liquid crystal display device according to a tenth
embodiment of the present invention;

FIG. 18B 1s a cross-sectional view showing a cross section
structure taken along a section line A-A' of FIG. 18A;

FIG. 18C 1s a cross-sectional view showing a cross section
structure taken along a section line B-B' of FIG. 18A;

FIG. 19A 1s a plan view showing an electrode structure of
a first substrate side and a second substrate side 1n a trans-
tflective liquid crystal display device according to an eleventh
embodiment of the present invention;

FIG. 19B 1s a cross-sectional view showing a cross section
structure taken along a section line C-C' of FIG. 19A;

FIG. 20A 1s a plan view showing an electrode structure of
a first substrate side and a second substrate side 1n a trans-
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flective liguad crystal display device according to a twellith
embodiment of the present invention;

FI1G. 20B 1s a cross-sectional view showing a cross section
structure taken along a section line D-D' of FIG. 20A;

FIGS. 21A and 21B are diagrams for explaining a problem
with the transtlective liquid crystal display device of the
present invention; and

FI1G. 22 15 a cross-sectional view showing the cross section
structure of a transtlective liquid crystal display device
according to a thirteen embodiment of the present invention,

which shows the cross section structure of a portion corre-
sponding to FIG. 1E.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinatter, a description will be given of embodiments of
the present ivention in detail with reference to the accom-
panying drawings. In all of the drawings for explaining the
embodiments, parts having identical functions are denoted by
the same symbols, and their duplex description will be omut-
ted.

First Embodiment

FIG. 1A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a first embodiment of the present mven-
tion. FIG. 1B i1s a plan view showing an electrode structure of
a second substrate side 1n the transtlective liquid crystal dis-
play device according to the first embodiment of the present
ivention.

FIG. 1C 1s a cross-sectional view showing a cross section
structure taken along a section line D-D' of FIG. 1A. FIG. 1D
1S a cross-sectional view showing a cross section structure
taken along a section line E-E' of FIG. 1A. FIG. 1E 1s a
cross-sectional view showing a cross section structure taken
along a section line F-F' of FIG. 1A.

In the transtlective liquid crystal display device according
to this embodiment, a pair of first and second substrates
(SUB1, SUB2) are so disposed as to interpose a liquid crystal
layer (LC) therebetween. In the transflective liquid crystal
display device according to this embodiment, a main front
surface side of the second substrate (SUB2) 1s an observation
side.

As shown 1n FIG. 1C, 1n this embodiment, oriented films
(AL1, AL2) are formed on the surfaces of the substrates
(SUB1, SUB2) at the liquid crystal layer side, but the oriented
films (AL1, AL2) are omitted from the drawings other than
FIG. 1C.

Hereinafter, a description will be given of the configuration
of a reflective portion 31 of the transtlective liquid crystal
display device according to this embodiment.

As shown in FIGS. 1D and 1E, a black matrix (BM), a color
filter layer (FIR) of red, green, and blue, an overcoat film
(OC), a built-in retarder (2 wavelength plate) (RET) for
changing a polarization state of light, a protective film (POC),
a step formation layer (MR), second common electrodes
(C'12; also called “opposed electrodes™), and an oriented film
(AL2) are formed 1n the order toward the liquid crystal layer
(LC) from the second substrate (SUB2) at the liquid crystal
layer side of the second substrate (SUB2; also called “CF
substrate™) in reflective portions 31. A polarizer (not shown)
1s formed outside of the substrate (SUB2).

Also, scanning lines (GL: also called “gate lines™), an
interlayer insulating layer (PAS3), video lines (DL: also
called “source lines” or “drain lines”), source electrodes
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(SD1), an interlayer msulating film (PAS2), a first common
clectrode (CT1: also called “opposed electrode”), reflective
clectrodes (RAL), an interlayer insulating film (PAS1),
reflective pixel electrodes (PXR), and an oriented film (AL1)
are formed in the order of from the first substrate (SUB1)
toward the liquid crystal layer (LC) at the liquid crystal layer
side of the first substrate (SUB1; also called “TF'T substrate™).

A polarizer (not shown) 1s formed outside of the substrate
(SUB1).

The first common electrode (CT1) 1s formed on the entire
surface of the first substrate (SUB1) 1n a planar shape. Also,
the retlective electrodes (RAL) are formed 1n a planar shape

(or a rectangular shape) 1n correspondence with the reflective
portions 31 of the respective subpixels on one display line.

The retlective pixel electrodes (PXR) and the first common
clectrode (CT1) are superimposed on each other through the
interlayer insulating film (PAS1), to thereby form a retention
volume. The first common electrode (CT1) and the second
common electrodes (CT2) are formed of, for example, trans-
parent conductive films such as I'TO (indium tin oxide). Also,
the interlayer insulating film (PAS1) 1s not limited to one
layer but may be formed of two or more layers.

The reflective electrodes (RAL) can be formed of, for
example, a metal film made of aluminum (Al) or a two-layer
structure 1ncluding a lower layer of molybdenum and an
upper layer of aluminum (Al).

Likewise, as shown 1n FIG. 1B, the second common elec-
trodes (CT2) are formed 1n a rectangular shape (or a planar
shape) 1n correspondence with the reflective portions 31 of
the respective subpixels on one display line.

In each of the reflective portions 31 of this embodiment, an
clectric field 1s applied between the reflective pixel electrodes
(PXR) and the second common electrodes (C12) to change
the orientation of the liquid crystal layer (LC). That 1s, the
reflective portions 31 of this embodiment 1s driven by a so-
called vertical electric field system. In FIG. 1D, reference CH
denotes a contact hole formed in the first common electrode

(CT1). Also, in FIG. 1E, reference SCD denotes a semicon-
ductor layer.

Hereinaftter, a description will be given the configuration of
a transmissive portion 30 1n the transflective liquid crystal
display device according to this embodiment.

As shown in FIGS. 1C and 1FE, the configuration of the first
substrate (SUB1) side 1n the transmissive portion 30 1s dif-
terent from the configuration of the second substrate (SUB2)
at the retlective portion 31 in that the step formation layer
(MR ) and the second common electrodes are omitted. Other
configurations are 1dentical with each other.

Also, the configuration of the first substrate (SUB1) side 1n
the transmissive portion 30 1s different from the configuration
of the first substrate (SUB1 ) 1n the reflective portion 31 in that
the reflective pixel electrodes (PXR) are formed 1n the planar
shape (or the rectangular shape) whereas the transmissive
pixel electrodes (PXT) are formed by pectinate electrodes
cach having a plurality of pectinate electrodes. Other configu-
rations are 1dentical with each other. Each of the transmissive
pixel electrodes (PXT) can be formed by a slit-shaped elec-
trode having a plurality of slits instead of the pectinate elec-
trodes each having a plurality of pectinate electrodes.

In the transmissive portion 30 of this embodiment, the
transmissive pixel electrodes (PX'T) and the planar first com-
mon electrode (C'11) are laminated on each other through the
interlayer insulating film (PAS1). Arch-like electric flux lines
that are formed between the transmissive pixel electrode
(PXT) and the first common electrode (CT1) are so distrib-
uted as to penetrate the liquid crystal layer (LC) to change the



US 7,599,027 B2

9

orientation of the liquid crystal layer (LLC). That 1s, the trans-
missive portion 30 of this embodiment 1s driven by a so-called
IPS system.

Also, the transmissive portion 30 displays the light and
dark of a light by the aid of the birefringence of the liquid
crystal layer (LC) whereas the retlective portion 31 displays
the light and dark of a light by the aid of the birefringence of
the built-in retarder (2 wavelength plate) and the liquid crys-
tal layer (LC) which are disposed within the liquid crystal
display panel.

In this embodiment, the built-in retarder (RET) 1s disposed
in only the reflective portion 31, thereby making 1t possible to
provide a structure 1n which the performance of the normal
transmissive IPS display system can be exercised as i1t 1s,
without having an unnecessary retarder.

Also, the thickness of the liquid crystal layer (LLC) of the
reflective portion 31 1s set to about half of the thickness of the
liquid crystal layer (LC) of the transmissive portion 30. In the
case of the IPS system, when only the thickness of the liquid
crystal layer (LC) 1s narrowed without changing the intervals
between the pixel electrodes and the common electrodes or
the widths or intervals between the pectinate or slit-shaped
clectrodes, the driving voltage 1s stepped up. This 1s because
an orientation restraining force 1s exerted on liquid crystal
molecules between the first substrate (SUB1) and the second
substrate (SUB2), and an influence of the orientation restrain-
ing force becomes more remarkable when the thickness of the
liquad crystal layer (LC) 1s thinned.

On the other hand, in the case where the second common
clectrodes (CT2) are disposed between the built-in retarder
(RET) and the liquid crystal layer (LC) which are disposed 1n
the reflective portion 31 to drive the liquid crystal layer (LC)
due to the vertical electric field that 1s developed between the
second common electrodes (C12) and the pixel electrodes on
the second substrate (SUB2), the influence of the orientation
restraiming force becomes remarkable when the thickness of
the liquid crystal layer (LC) 1s thinned as 1n the IPS system.

However, on the other hand, the distances between the
second common electrodes (C12) on the second substrate
(SUB2) and the pixel electrodes on the first substrate (SUB1)
are also reduced, the vertical electric field ngidity 1s 1nevita-
bly strengthened. As a result, the driving voltage 1s hardly
stepped up, since the both are nearly cancelled.

Accordingly, the transmissive portion 30 1s of the IPS
system, and the retlective portion 31 1s of the vertical electric
field system where the vertical electric field 1s developed
between the second common electrodes (C12) and the reflec-
tive pixel electrodes (PXR) on the first substrate (SUB1) as in
this embodiment, to thereby enable both of the transmissive
IPS display at a wide viewing angle and the reflective display
with high reflectivity.

As described above, according to this embodiment, the IPS
system having the wide viewing angle 1s used for the trans-
missive portion 30, and the vertical electric field system 1s
applied to the retlective portion 31 that requires the light
reflective display that 1s important for ensuring the outdoor
visibility, thereby making it possible to realize the liquid
crystal display device that 1s excellent 1n the visibility under
the dark environment such as a dark room and under the very
I1 g’lt environment such as outdoors.

In this embodiment, the 1nitial orientation direction (rub-
bing direction) of the liquid crystal layer (LC) 1s shifted by 5
to 20° with respect to the longitudinal direction of the respec-
tive pectinate electrodes of the transmissive pixel electrode
(PXT). The retardation of the liquid crystal layer (LC) adjusts
the thickness and refractive index anisotropy (An) of the
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liquid crystal layer (LLC) so that the transmissive portion 30
has about 42 wavelength and the reflective portion 31 has
about 14 wavelength.

In addition, 1n this embodiment or respective embodiments
that will be described later, 1t 1s desirable that a concavo-

convex pattern (PTO) 1s arranged 1n the reflective portion 31
as shown 1n FIGS. 18 to 19 which will be described later.

In this embodiment, the built-in retarder (RET) 1s arranged
in such a manner that the polarizers disposed on both sides of
the liquid crystal display panel are designed in the same
manner as that i the transmissive liqud crystal display
device of the IPS system, and a phase difference between the
reflective portion 31 and the transmissive portion 30 1s shifted
by V4 wavelength.

More specifically, a laminated body of the liquid crystal
layer (LC) and the built-in retarder (RET) 1s disposed in V4
wavelength plate of the wide band. That 1s, the retardation of
the liquid crystal layer (LLC) that 1s closer to the reflective
clectrode (RAL) 1s set to V4 wavelength and the other retar-
dation 1s set to 12 wavelength.

In the IPS system, at the time of applying a voltage, the
liquid crystal layer (LC) mainly changes the orientation so
that the director orientation mainly rotates within the layer, a
change 1n the tilt angle 1s small, and the retardation hardly
changes. For that reason, the reﬂectwe the liquid crystal layer
(LC) 1s so arranged as to be closer to the reflective electrode
(RAL) than the built-in retarder (RET), and the retardation 1s
set to Va4 wavelength.

The delay phase axis of the built-in retarder (RET) 1s deter-
mined as follows. The azimuth 1s defined by counterclock-
wise with the upper polarizer transmission axis as 0 degree.

When the delay phase axis or azimuth of the built-in
retarder (RET) 1s OPH, and the azimuth of the orientation
angle of the liquid crystal layer (LC) 1s OLC, the azimuth 1n
the case of the ¥4 wavelength plate of the wide band 1s repre-
sented by the following expression (1).

2OPH=+45°+0LC (1)

In this example, 0LC must be set to any one of 0° and £90°
since the polarizer 1s arranged 1n the transmissive portion 30
in the same manner as that in the transmissive liquid crystal
display device of the IPS system. As a result, OPH becomes
+22.5° (equal to or higher than 20° and equal to or lower than
25° with a margin £10% of manufacturing) or £67.5° (equal
to or higher than 60° and equal to or lower than 75° with a
margin £10% of manufacturing).

As described above, the laminated body of the liquid crys-
tal layer (LLC) and the built-in retarder (RET) 1s arranged in
the ¥4 wavelength plate of the wide band, to thereby obtain a
reflective display that reduces the reflectivity over the entire
visible wavelength, and 1s low 1n the reflectivity and achro-
matic.

The transmissive portion 30 and the reflective portion 31
are different from each other in the optimum value of the
retardation of the liquid crystal layer (LC) for setting the
reflectivity and the transmissivity to limit values that are
determined by the light absorption of the polarizer. The
reflective portion 31 has V4 wavelength, and the transmissive
portion 30 has V2> wavelength.

In order to realize the above, the thickness of the liquid
crystal layer (LC) of the retlective portion 31 must be setto be
smaller than that of the transmissive portion 30. More spe-
cifically, the step formation layer (MR) 1s disposed 1n the
reflective portion 31, and the thickness of the liquid crystal
layer (LC) 1n the reflective portion 31 1s reduced by the
thickness of the step adjustment layer (MR). It 1s needless to
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say the step adjustment layer (MR) must be so disposed as to
correspond to the reflective portion 31.

In this embodiment, the built-in retarder (RET) 1s used, and
the built-in retarder (RET) 1s also so disposed as to corre-
spond to the retlective portion 31.

A difference 1n the retardation which is required by the
reflective portion 31 and the transmissive portion 30 1s %4
wavelength, and the retardation that 1s required by the built-in
retarder (RET) 1s V2 wavelength. For that reason, when the
birefringence of the built-in retarder (RET) 1s twice or more
as large as that of the liquid crystal layer (LC), the thickness
of the built-in retarder (RET) 1s smaller than the difference 1n
the thickness of the liquid crystal layer (LC) which 1s required
by the retlective portion 31 and the transmissive portion 30.

In this case, the built-in retarder (RET) and the step adjust-
ment layer (MR) are laminated on each other, and then pat-
terned 1n correspondence with the reflective portion 31 so as
to set a total of the thicknesses of the built-in retarder (RET)
and the step adjustment layer (MR) to the difference 1n the
thickness of the liquid crystal layer (LC) which 1s required by
the retlective portion 31 and the transmissive portion 30.

Alternatively, when the birefringence of the built-in
retarder (RET) 1s twice as large as the liqud crystal layer
(LC), the thickness of the built-in retarder (RET) 1s equal to
the difference in the thickness of the liquid crystal layer (LC)
which 1s required by the reflective portion 31 and the trans-
missive portion 30. In this case, since no step adjustment layer
(MR ) 1s required, a manufacturing process can be simplified.

Alternatively, in the case where an attempt 1s made so that
the built-in retarder (RET) and the liquid crystal layer (LC)
come out of contact with each other, a protective film (POC)
can be disposed between the built-in retarder (RET) and the
liquid crystal layer (LLC). In the case of providing the protec-
tive film (POC), since a step that 1s caused by the built-in
retarder (RET) 1s reduced, 1t 1s necessary to add a structure for
controlling the thickness of the liquid crystal layer (LC) of the
reflective portion 31.

Second Embodiment

FIG. 2A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a second embodiment of the present
invention. FIG. 2B 1s a plan view showing an electrode struc-
ture of a second substrate side in the transflective liquid crys-
tal display device according to the second embodiment of the
present invention.

FIG. 2C 1s a cross-sectional view showing a cross section
structure taken along a section line G-G' of FIG. 2A.

This embodiment shows a structure 1n which a slit (SL.1) 1s
defined between the transmissive pixel electrode (PX'T) and
the reflective pixel electrode (PXR) (that 1s, between the
transmissive portion 30 and the retlective portion 31).

In this embodiment, an oblique electric field 1s forcedly
developed toward the second common electrode (C12) of a
top of the step 1n the protective portion 31 from the reflective
pixel electrode (PXR) inside of the retlective portion 31. As a
result, the advantage that the orientation stability 1s enhanced
1s obtained.

In the case where the electric field 1s applied perpendicu-
larly to the first and second substrate plane, a direction along
which liquid crystal molecules rises up by a direction of a
pretilt angle which 1s developed in the vicinity of the first and
second substrates 1s usually determined.

However, in the case where the pretilted angle 1s small, the
liquid crystal molecules rise up at an opposite side of the
direction along which the pretilted angle 1s generated conven-
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tionally, due to some influence (for example, an oblique elec-
tric field that 1s developed by a contact hole (CH) or a leak
clectric field from adjacent subpixel). As a result, the orien-
tation 1s disturbed.

In order to prevent the orientation disturbance that has been
developedin the reflective portion 31 from affecting the trans-
missive portion 30, the above-mentioned shit (SL1) 1s
arranged.

The reflective pixel electrodes (PXR) of the reflective por-
tion 31 and the transmissive pixel electrodes (PXT) of the
transmissive portion 30 are disposed in the same layer and
fabricated integrally with each other. For that reason, 1t 1s
necessary to connect the transmissive pixel electrodes (PXT)
of the transmissive portion 30 to the retlective pixel electrodes
(PXR) of the reflective portion 31. However, the connection
portions are arbitrary, and for example, can be 1n the vicinity
ol the center thereot as shown 1n FIGS. 2A to 2C or at the end
thereof as shown 1 FIGS. 3A and 3B. FIG. 3A 1s aplan view
showing an electrode structure of a first substrate side 1n a
transflective liquid crystal display device according to a
modified example of the second embodiment of the present
invention. FIG. 3B 1s a plan view showing an electrode struc-
ture of a second substrate side in the transtlective liquid crys-
tal display device according to the modified example of the
second embodiment of the present invention.

Third Embodiment

FIG. 4A 1s a plan view showing an electrode structure of a
first substrate side in a transtlective liquid crystal display
device according to a third embodiment of the present mven-
tion. FIG. 4B 1s a plan view showing an electrode structure of
a second substrate side in the transflective liquid crystal dis-
play device according to the third embodiment of the present
invention.

FIG. 4C 15 a cross-sectional view showing a cross section
structure taken along a section line H-H' of FIG. 4A.

In the above respective embodiments, the direction of the
pectinate electrodes of the transmissive pixel electrodes
(PXT) 1n the transmissive portion 30 1s disposed 1n parallel to
the video lines (DL). On the other hand, in this embodiment,
the direction of the pectinate electrodes of the transmissive
pixel electrodes (PXT) 1s disposed 1n parallel to the scanning
lines (GL).

The electrode structure of this embodiment 1s capable of
obtaining the same advantages as those of the slit (SL1) in the
above second embodiment. In FIGS. 4A to 4C, the connect-
ing portions that connect the respective pectinate electrodes
of the transmissive pixel electrodes (PXT) are formed at the
ends of the video lines (DL) side. Alternatively, the connect-
ing portions can be disposed in the center of the pectinate
clectrodes.

Fourth Embodiment

FIG. 5A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a fourth embodiment of the present mnven-
tion. FIG. 3B 1s a plan view showing an electrode structure of
a second substrate side in the transflective liquid crystal dis-
play device according to the fourth embodiment of the present
invention.

FIG. 5C 1s a cross-sectional view showing a cross section
structure taken along a section line I-I' of FIG. 5A.

In the above respective embodiments, the pectinate elec-
trodes are formed in only the transmissive portion 30. On the
other hand, 1n this embodiment, the respective pectinate elec-
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trodes of the transmissive pixel electrodes (PXT) 1n the trans-
missive portion 30 extend up to the reflective portion 31.

The case 1n which the transmissive portion 30 1s driven by
the IPS system, and the retlective portion 31 1s driven by the
vertical electric field system 1s not preferable because when
an end of the reflective portion 31 at the transmissive portion
side and an end of the transmissive portion 30 at the reflective
portion side are positionally deviated from design values, the
orientation 1s disturbed in the transmissive portion 30 and the
reflective portion 31.

Under the circumstances, the reflective pixel electrodes
(PXR) of the retlective portion 31 are similarly constituted by
the plural pectinate electrodes, thereby making 1t possible to
improve the positional deviation margin of both of the first
substrate (SUB1) and the second substrate (SUB2) 1n sealing
the first substrate (SUB1) and the second substrate (SUB2).

Fitth Embodiment

FIG. 6A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a fifth embodiment of the present mven-
tion. FIG. 6B is a plan view showing an electrode structure of
a second substrate side 1n the transtlective liquid crystal dis-
play device according to the fifth embodiment of the present
invention.

In this embodiment, an oblique side portion (KDS) that 1s
so formed as to gradually increase an interval to another
pectinate electrode 1s disposed on the reflective portion side
of each pectinate electrode of the transmissive pixel elec-
trodes (PXT) in the transmissive portion 30. Also, a leading
portion (KDK) of each pectinate electrode of the transmissive

pixel electrodes (PXT) at an opposite side of the reflective
pixel electrodes (PXR) 1s hooked.

In the case where the transmissive portion 30 1s driven by
the IPS system, and the retlective portion 31 1s driven by the
vertical electric field system, there arises the following prob-
lem. That 1s, a lateral electric field or a fringe electric field
which 1s developed by each pectinate electrode of the trans-
missive pixel electrodes (PX'T) 1s different in the direction
from a lateral electric field or a fringe electric field which 1s
developed 1n the vicinity of the center of the transmissive
portion in the vicinity of a boundary of the transmissive
portion 30 with the retlective portion 31.

Under the above circumstances, in this embodiment, in
order to solve the above problem, the oblique side portion
(KDS) 1s disposed on the transmissive pixel electrodes (PXT)
of the transmissive portion 30, and the leading portion (KDK)
of each pectinate electrode of the transmissive pixel elec-
trodes (PX'T) at the opposite side of the reflective pixel elec-

trodes (PXR) 1s hooked.

Sixth Embodiment

FIG. 7A 1s a plan view showing an electrode structure of a
first substrate side in a transtlective liquid crystal display
device according to a sixth embodiment of the present mnven-
tion. FIG. 7B 1s a plan view showing an electrode structure of
a second substrate side 1n the transflective liquid crystal dis-
play device according to the sixth embodiment of the present
invention.

In this embodiment, each pectinate electrode that consti-
tutes the pixel electrode (PXT) 1n the transmissive portion 30
1s doglegged. With the above configuration, when a voltage 1s
applied to each of the pectinate electrodes of the pixel elec-
trodes (PXT), the liquid crystal orientation of the transmis-
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stve portion 30 1s put mto multiple domains. Hence, 1t 1s
possible to improve the viewing angle characteristic of the
transmissive portion 30.

Each of the pectinate electrodes which constitute the pixel
clectrode (PXT) of the transmissive portion 30 can be con-
figured as shown 1n FIGS. 8A and 8B.

FIG. 8A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a modified example of the sixth embodi-
ment of the present invention. FIG. 8B 1s a plan view showing
an electrode structure of a second substrate side in the trans-
flective liquad crystal display device according to the modi-
fied example of the sixth embodiment of the present mven-
tion.

Seventh Embodiment

FIG. 9A 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a seventh embodiment of the present
invention. FIG. 9B 1s a plan view showing an electrode struc-
ture of a second substrate side in the transtlective liquid crys-
tal display device according to the seventh embodiment of the
present invention.

FIG. 9C 1s a cross-sectional view showing a cross section
structure taken along a section line J-I' of FIG. 9A.

In this embodiment, the reflective portion 31 1s disposed 1n
the center of each of the subpixels. In the above respective
embodiments, the transmissive portions 30 and the reflective
portions 31 of the respective subpixels are disposed 1n the
stated order of the transmissive portion 30, the reflective
portion 31, the transmissive portion 30, the reflective portion
31, . . . in the scanning direction. On the other hand, in this
embodiment, the transmissive portions 30 and the retlective
portions 31 are disposed 1n the stated order of the transmissive
portion 30, the retlective portion 31, the transmissive portion
30, the transmissive portion 30, the retlective portion 31, the
transmissive portion 30. As a result, 1t 1s possible to reduce the
orientation disturbance that 1s developed between the subpix-
els.

Eighth Embodiment

FIG. 10A 1s a plan view showing an electrode structure of
a first substrate side 1n a transtlective liquid crystal display
device according to an eighth embodiment of the present
invention. FIG. 10B i1s a plan view showing an electrode
structure of a second substrate side 1n the transtlective liquid
crystal display device according to the eighth embodiment of
the present invention.

FIG. 10C 1s a cross-sectional view showing a cross section
structure taken along a section line K-K' of FIG. 10A.

In this embodiment, the reflective pixel electrode (PXR) 1n
the retlective portion 31 and the transmissive pixel electrode
(PXT) 1n the transmissive portion 30 are disposed, indepen-
dently. For that reason, contact holed are disposed in the
transmissive portion 30 and the reflective portion 31, respec-
tively, as indicated by CH1 and CH2 in FIG. 10C.

As a result, complete slits can be defined 1n the transmis-
stve portion 30 and the retlective portion 31, thereby provid-
ing the effect of suppressing the orientation disturbance that 1s
developed in the above reflective portion 31 from affecting
the transmissive portion 31.

Ninth Embodiment

In this embodiment, it 1s necessary that a positional rela-
tionship between the retlective pixel electrode (PXR) of the
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reflective portion 31 and the second common electrode (CT2)
of the reflective portion 31 1s so designed as to prevent the
orientation disturbance from being generated in the reflective
portion 31.

An electric field 1s developed in an oblique direction 1n
relation to the position of the top of the step formation layer
(MR) or the slit between the transmissive pixel electrode
(PXT) and the reflective pixel electrode (PXR). Because the
pretilt 1s sufficiently small to the degree that the does not
aifect the viewing angle of the transmissive portion 30, liquid
crystal 1s oriented 1n the direction of the oblique electric field.

For that reason, when the liquid crystal 1s so designed as to
face the direction of the oblique electric field within the
subpixel, the orientation disturbance 1s developed. The orien-
tation disturbance has no problem if there 1s no motion at a
certain position.

As a method of preventing the motion at a certain position,
there 1s a method of providing an orientation control projec-
tion or providing an orientation control slit at the electrode of
the retlective portion 31.

FIG. 11 A 1s a cross-sectional view showing a cross section
structure of a transtlective liquid crystal display device
according to a ninth embodiment of the present invention,

which corresponds to the cross section structure along the
section line M-M' of FIG. 2A.

A slit 1s always disposed between the subpixels, and the
direction of the oblique electric field which 1s developed 1n
the reflective portion 31 1s different according to the position
of the slit and the position of the top of the step formation
layer (MR).

In the case where the slits between the subpixels are dis-
posed outside of the step formation layer (MR), the oblique
clectric field 1s developed as shown in FIG. 11A. In this
situation, the slit (SL1) between the transmissive pixel elec-
trode (PXT) of the transmissive portion 30 and the reflective
pixel electrode (PXR) of the reflective portion 31 1s disposed
at the reflective portion side with respect to the top of the step
formation layer (MR) as shown 1n FIG. 11A, to thereby make
the direction of the developed electric field uniform within the
reflective portion. As a result, no orientation disturbance 1s
generated.

FIG. 11B 1s a cross-sectional view showing a cross section
structure of a transtlective liquid crystal display device
according to a modified example of the mnth embodiment of
the present invention, which corresponds to the cross section
structure along the section line L-L' of FIG. 1A.

On the other hand, 1n FIG. 11A, in the case where there 1s
no slit (SL1) between the transmissive pixel electrode (PXT)
of the transmissive portion 30 and the reflective pixel elec-
trode (PXR) of the reflective portion 31, the orientation con-
trol slit (SLH) 1s defined in the reflective pixel electrode
(PXR) of the reflective portion 31 as shown i FIG. 11B,
thereby making 1t possible to prevent the orientation distur-
bance at that position. As a result, the motion of the orienta-
tion disturbance does not adversely affects the display char-
acteristics.

FIG. 12 1s a cross-sectional view showing a cross section
structure of a transtlective liquid crystal display device
according to a modified example of the ninth embodiment of
the present invention.

In the case where the slit between the subpixels 1s defined
outside of the step formation layer (MR), the ornentation
control projection (1 KH) can be disposed on the retlective
pixel electrode (PXR) of the reflective portion 31, and even in
this case, the same actions and advantages as those in FIG.

11B can be obtained.
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FIG. 13 A 1s a cross-sectional view showing the cross sec-
tion structure of the transflective liquid crystal display device
according to the modified example of the ninth embodiment
of the present invention, which corresponds to the cross sec-
tion structure along the section line L-L' of FIG. 1A.

In the case where the slit between the subpixels 1s defined
inside of the step formation layer (MR), an oblique electric
field 1s developed as shown 1n FIG. 13A. In this situation,
because the direction of the electric field that 1s developed in
the retlective portion 31 1s uniform within the reflective por-
tion, and therefore no orientation disturbance 1s generated.

FIG. 13B 1s a cross-sectional view showing the cross sec-
tion structure of the transflective liquid crystal display device
according to the modified example of the mnth embodiment
of the present invention, which corresponds to the cross sec-
tion structure along the section line M-M' of FIG. 2A.

On the other hand, in the case where the slit (SL1) 1s
defined between the transparent pixel electrode (PX'T) of the
transmissive portion 30 and the reflective 1mage electrode
(PXR) of the reflective portion 31 1nside of the step formation
layer (MR), an orientation control slit (SLH) 1s defined in the
second common electrode (C'12) of the reflective portion 31
as shown 1n FIG. 13B, thereby making 1t possible to prevent
the orientation disturbance at that position. As a result, there
1s no case 1 which the orientation disturbance 1s moved and
adversely atffects the display characteristic.

FIG. 14 1s a cross-sectional view showing the cross section
structure of the transflective liquid crystal display device
according to the modified example of the mnth embodiment
of the present invention.

In the case where the slit (SL1) between the transparent
pixel electrode (PXT) of the transmissive portion 30 and the
reflective image electrode (PXR) of the reflective portion 31
1s disposed 1nside of the step formation layer (IMR), an ori-
entation control projection (TKH) can be disposed in the
second common electrode (C'12) of the reflective portion 31
as shown 1n FI1G. 14. Similarly, 1n this case, the same actions
and advantages as those 1n FIG. 13B can be obtained.

FIG. 15A 1s a plan view showing an electrode structure of
a first substrate side 1n the transtlective liquid crystal display
device according to the modified example of the ninth
embodiment of the present invention.

In the transtlective liquid crystal display device shown 1n
FIG. 15A, the reflective electrode (RAL) on the first substrate
(SUB1) and the first common electrode (CT1) are patterned
to form a slit portion (SLP). The slit portion (SLP) 1s a portion
where none of the reflective electrode (RAL) and the first
common electrode (CT1) exasts.

In FIG. 15A, the slit portion (SLP) 1s disposed 1n a portion
which 1s 1n contact with three sides that are not adjacent to the
transmissive portion 30 among four sides of the reflective
portion 31 that 1s substantially rectangular.

FIG. 15B 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n a cross section structure
along the section line E-E' of FIG. 15A 1n the case where no
slit portion (SLP) 1s arranged.

As shown 1n FIG. 15B, the electric flux lines directed 1n a
normal direction of the first substrate (SUB1), that 1s, the
clectric flux lines corresponding to the vertical electric field
are main 1n the center of the retlective pixel electrode (PXR).
In addition, the first common electrode (CT1) exists over the
entire surface of the lower layer of the reflective pixel elec-
trode (PX'T). As aresult, the arch-shaped electric flux lines 50
are developed at both ends of the reflective pixel electrodes
(PXR), which are the electric flux lines corresponding to the
fringe electric field.
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The liquid crystal layer (LC) has a positive dielectric con-
stant anisotropy, and therefore liquid crystal molecules
(LCB) change the orientation so as to direct the molecule axis
in a direction of the electric tlux lines. The oriented films (All
and AL2 in FIG. 1B) are so formed as to regulate the orien-
tation change direction at that time. In order to ensure the
wide viewing angle in the transmissive portion 30, the tilt
angle that 1s given to the liquid crystal layer (LC) by the
oriented film 1s set to a smaller angle, for example, 2 degrees
or lower.

For that reason, the orientation control to the vertical elec-
tric field of the oriented film per se 1s insuificient, and the
fringe electric field at both ends of the reflective pixel elec-
trode (PXR) frequently mainly affects the liquid crystal ori-
entation direction at the time of applying the voltage in the
reflective portion 31.

The fringe electric field acts so that the liquid crystal direc-
tions are opposite to each other at both ends of the reflective
pixel electrode (PXR) are opposite to each other. The liquid
crystal layer (LC) 1n the vicinity of the reflective pixel elec-
trode (PXR) 1s so oriented as to learn the liquid crystal ori-
entation of the reflective pixel electrode ends. For that reason,
the orientation state similar to that at the ends 1s extended up
to the vicinity of the center of the retlective pixel electrode
(PXR).

As aresult, as indicated by a dashed line of A 1n FIG. 15B,
discontinuous boundary 1s formed on any place of the retlec-
tive pixel electrode. This 1s called “liquid crystal orientation
discontinuous portion”. The position of the liquid crystal
orientation discontinuous portion 1s not determined, and
movable due to a factor such as an applied voltage or an
external pressure.

When the position at which the liquid crystal orientation
discontinuous portion occurs 1s different 1n each of the pixels,
the reflectivity within the screen 1s uniform in the case where
L
C

e liquid crystal display panel 1s observed from the oblique
1rection, which 1s not preferable. Also, when the liquid crys-
tal orientation discontinuous portion 1s moved by the voltage
supply, the response characteristics are deteriorated. In the
case where the moving speed 1s extremely low, the liquid
crystal orientation discontinuous portion 1s observed as a
residual 1image.

FIG. 15C 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n a cross section structure
along the section line F-F' of FIG. 15A 1n the case where no
slit portion (SLP) 1s arranged.

As shownin FIG. 15C, similarly, in the cross section of F-F'
in the case where no slit portion (SLP) 1s arranged, the fringe
clectric field 1s developed at both ends of the reflective pixel
clectrode (PXR) as 1n the cross section of E-E' shown in FIG.
15B. As a result, the liquid crystal orientation discontinuous
portion frequently occurs.

As described above, 1n the case where no slit portion (SLP)
1s arranged, the fringe electric field 1s developed at four sides
of the reflective portion 31, and the reflective portion 31 1s
surrounded by the fringe electric field at the time of applying
a voltage. For that reason, in the case where the orientation
restraiming force of the oriented film 1s low, there 1s a case in
which the mn-screen reflectivity 1s nonuniform, the response
characteristic 1s deteriorated, or the residual 1image 1s pro-
duced.

FI1G. 15D 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n the cross section structure
along the section line E-E' of FIG. 15A 1n the case where a slit
portion (SLP) 1s arranged.
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In the case where the slit portion (SLP) 1s disposed 1n the
reflective electrode (RAL) and the first common electrode
(CT1), the reflective electrode (RAL) and the first common
clectrode (CT1) have ends at the same positions as the end of
the retlective pixel electrode (PXR).

For that reason, an electric field 1s developed only between
the first common electrode (C11) and the reflective pixel
clectrode (PXR). Therefore, no fringe electric field 1s devel-
oped at the end of the reflective pixel electrode (PXR), and
only a uniform vertical electric field that 1s developed
between the reflective pixel electrode and the second com-
mon electrode (CT2) on the second substrate (SUB2) exists
on the reflective pixel electrode as shown 1n FIG. 15D.

FIG. 15E 1s a diagram showing the distribution of electric
flux lines and a liquid crystal orientation state that 1s devel-
oped by the electric flux lines 1n the cross section structure
along the section line F-F' of FIG. 15A 1n the case where the
slit portion (SLP) 1s arranged.

In the case where the slit portion (SLP) 1s arranged 1n the
reflective electrode (RAL) and the first common electrode
(CT1), the reflective electrode (RAL) and the first common
clectrode (CT1) have ends at the same positions as the retlec-
tive pixel electrode (PXR) at the left end of the reflective pixel
clectrode (PXR). As aresult, no fringe electric field occurs at
the left end of the retlective pixel electrode (PXR).

Because the right end of the reflective pixel electrode
(PXR) within FIG. 15E comes in contact with the transmis-
stve portion 30, the first common electrode (CT1) extends the
end of FIG. 15E beyond the end of the reflective pixel elec-
trode (PXR).

For that reason, the fringe electric field occurs at the right
end of the retlective pixel electrode (PXR). In this way, the
fringe electric field 1s developed at only one side of the retlec-
tive portion 31 that 1s substantially rectangular, which 1s close
to the transmissive portion 30.

For that reason, the entire orientation direction of the
reflective portion 31 1s determined by only the fringe electric
field at the end that 1s close to the transmissive portion 30, no
liquiad crystal orientation discontinuous portion appears, and
the uniform orientation 1s obtained over the entire reflective
portion. Accordingly, the in-screen reflectivity 1s not nonuni-
form, the response characteristic 1s not deteriorated, and no
residual 1image 1s produced.

FIG. 16 1s a plan view showing an electrode structure of a
first substrate side 1n a transtlective liquid crystal display
device according to a modified example of the mnth embodi-
ment of the present invention.

In FI1G. 16, the slit portion (SLP) does not reach the bound-
ary of the reflective portion 31 and the transmissive portion
30. For that reason, the retlective electrodes (RAL) of the
respective subpixels are coupled with each other.

In the case where the slit portion (SLP) exists, the laminate
structure consisting of the reflective electrode (RAL) and the
first common electrode (CT1) has a stripe-like distribution. In
FIG.15A, theretlective electrode (RAL) 1s bisected by the slit
portion (SLP) and remains 1n an 1sland shape on the reflective
portion 31 of the respective subpixels.

The reflective electrode (RAL) 1s made of a metal having a
low resistance such as aluminum, and divided into the 1sland
shapes. As a result, the resistance of the laminate layer con-
sisting of the retlective electrode (RAL) and the first common
clectrode (CT1) 1s determined by, for example, the first com-
mon electrode (CT1) that 1s formed of a transparent conduc-
tive film of ITO.

In the structure shown 1n FIG. 16, the slit portion (SLP) 1s
coupled with the reflective electrode (RAL) with the result
that the resistance of the laminate film of the reflective elec-
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trode (RAL) and the first common electrode (CT11) 1s deter-
mined by the retlective electrode (RAL). For that reason, the
resistance becomes lower, the voltage distribution hardly
occurs 1n changing the common voltage on the first common
clectrode (C'11), and luminance gradient hardly occurs.

FI1G. 17 1s a plan view showing the electrode structure of
the first substrate side 1n the transtlective liquid crystal dis-
play device according to the modified example of the ninth
embodiment of the present invention.

In the structure shown in FIG. 15 A, because the slit portion
(SLP) does not extend up to a region beyond the scanning line
(GL), the Iringe electric field that 1s 1n parallel to the pectinate
direction 1s developed at the leading end of the pectinate
clectrode of the transmissive pixel electrode (PXT) to form a
core of the moving domain.

In the structure shown in FIG. 17, the slit portion (SLP)
exceeds the scanming line (GL), straddles the adjacent sub-
pixel, and extends up to the leading end of the pectinate
structure of the pectinate electrode of the transmissive pixel
clectrode (PXT).

For that reason, the fringe electric field 1s not developed at
the leading end of the pectinate structure of the pectinate
clectrode of the transmissive pixel electrode (PX'T). The mov-
ing domain 1s not generated from the pectinate leading end.

Tenth Embodiment

FIG. 18A 1s a plan view showing an electrode structure of
a first substrate side and a second substrate side 1n a trans-
flective liquid crystal display device according to a tenth
embodiment of the present invention.

FIG. 18B 1s a cross-sectional view showing a cross section
structure taken along a section line A-A' of FIG. 18A. FIG.
18C 1s a cross-sectional view showing a cross section struc-
ture taken along a section line B-B' of FIG. 18A.

In the first embodiment to the ninth embodiment, the sec-
ond common electrode (CT2) at the second substrate (SUB2)
side 1s formed 1n a planar shape (or a rectangular shape), that
1s, 1n a stripe shape in correspondence with the retlective
portion 31 of the respective subpixels on one display line.

In the transflective liquid crystal display device according,
to this embodiment, the second common electrode (C12) at
the second substrate (SUB2) side has an opening (AOP) at a
portion corresponding to the transmissive portion 30, and 1s
then formed over the entire surface of the second substrate
(SUB2).

With the above configuration, 1t 1s possible to make the
resistance of the second common electrode (CT2) lower than
the case in which the second common electrode (C12) 1s
formed 1n a stripe shape. In this embodiment, the concavo-
convex pattern (PTC) 1s formed 1n the reflective portion 31.
Similarly, in the above respective embodiments as well as
respective embodiments that will be described later, the con-
cavo-convex pattern (PTO) can be formed in the retlective
portion 31.

Eleventh Embodiment

FIG. 19A 1s a plan view showing an electrode structure of
a first substrate side and a second substrate side 1n a trans-
flective liquid crystal display device according to an eleventh
embodiment of the present invention.

FIG. 19B 1s a cross-sectional view showing a cross section
structure taken along a section line C-C' of FIG. 19A.

In the first embodiment to the ninth embodiment as
described above, the second common electrode (CT2) at the
second substrate (SUB2) side 1s formed 1n a planar shape (or
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a rectangular shape), that 1s, 1n a stripe shape 1n correspon-
dence with the retlective portion 31 of the respective subpix-
¢ls on one display line.

Similarly, in the transtlective liquid crystal display device
according to this embodiment, the second common electrode
(CT2) at the second substrate (SUB2) side 1s formed in a
stripe shape. However, 1n this embodiment, a low-resistant
common electrode (CTA) that 1s made of ametal layer such as
aluminum 1s superimposed on the end of the second common
clectrode (C'12). With the above configuration, it 1s possible
to make the resistance of the second common electrode (CT2)
lower than the case 1n which the second common electrode
(CT2) 1s simply formed 1n a stripe shape.

Twelfth Embodiment

FIG. 20A 1s a plan view showing an electrode structure of
a first substrate side and a second substrate side 1n a trans-
flective liquad crystal display device according to a twellith
embodiment of the present invention.

FIG. 20B 1s a cross-sectional view showing a cross section
structure taken along a section line D-D' of FIG. 20A.

In this embodiment, the first common electrode (CT1) of
the first substrate 1s formed at the same position as that of the
transmissive pixel electrode (PXT). That 1s, 1n this embodi-
ment, the first common electrode (CT1) has the pectinate
clectrode having plural pectinate electrodes. As shown 1n
FIG. 20A, the pectinate electrode of the transmissive pixel
clectrode (PXT) and the pectinate electrode of the first com-
mon electrode (CT1) are arranged opposite to each other.

Also, 1n this embodiment, the reflective electrode (RAL) 1s
formed on the planar reflective pixel electrode (PXR).

Also, 1n this embodiment, a low-resistant common wiring
(CTA) that 1s formed in the same process as that of the
reflective electrode (RAL) and made of the same metal layer
as that of the reflective electrode (RAL) 1s superimposed on a
connecting portion that couples the respective pectinate elec-
trodes of the first common electrode (C'T1) with each other.

In this embodiment, the first common electrode (CT1) 1s
divided 1nto the stripe shape, but the low-resistant common
wiring (CTA) 1s superimposed on the first common electrode
(CT1). With the above configuration, 1t 1s possible to make the
resistance of the first common electrode (CT1) lower than the
case m which the first common electrode (CT1) 1s simply
formed 1n a stripe shape.

Thirteenth Embodiment

FIGS. 21A and 21B are diagrams for explaining a problem
with the transtlective liquid crystal display device of the
present 1nvention.

As shown 1n FIG. 21A, the transflective liquid crystal dis-
play device according to the present invention 1s divided into
a vertical orientation region (VAR) that 1s mainly positioned
at the reflective portion 31, and a horizontal orientation region
(HAR) that 1s mainly positioned at the transmissive portion 3
in a state where a voltage 1s applied to the liquid crystal layer
(LC).

In general, when a pushing force i1s applied to the liquid
crystal display panel, a compression stress 1s applied to the
liquad crystal layer (LC). In this embodiment, because the
thickness of the liquid crystal layer (LC) of the reflectiv
portion 31 1s thinner than that of the transmissive portion 30,
the ratio of a change 1n the thickness of the liquid crystal layer
(LC) to the thickness of the liquid crystal layer (LC) 1n the
reflective portion 31 1s larger than that in the transmissive
portion 30.
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Then, when 1t 1s assumed that the volume ratio of the
vertical orientation region (VAR) and the horizontal orienta-
tion region (HAR) does not change between belfore and after
the exertion of the pushing force, the vertical orientation
region (VAR ) 1s projected to the horizontal orientation region
(HAR) as shown 1n FIG. 21B.

The orientation state of the vertical orientation region
(VAR) which has been projected to the horizontal orientation
region (HAR) affects the horizontal orientation region
(HAR), to thereby increase the possibility that a reverse tilt
domain that reverses the tilt up direction of the liquid crystal
molecules of the horizontal orientation occurs.

When the reverse tilt domain occurs, the luminance of the
subpixel 1s made lower than other normal subpixels, which 1s
recognized as an abnormal display.

FI1G. 22 1s a cross-sectional view showing the cross section
structure of a transtlective liquid crystal display device
according to a thirteen embodiment of the present invention,
which shows the cross section structure of a portion corre-
sponding to FIG. 1E.

As shown 1n FIG. 22, 1n this embodiment, the step forma-
tion layer (MR) has a tapered portion (PTP) 1n the boundary
of the transmissive portion 30 and the retlective portion 31,
the second common electrode (C12) 1s extended to the bot-
tom of the tapered portion (PTP) of the step formation layer
(MR ), and the leading end 1s positioned 1n the region of the
transmissive portion 30.

In order to prevent the occurrence of the reverse t1lt domain
which 1s attributable to the pressure, it 1s preferable to project
a part of the second common electrode (CT2) to the transmis-
stve portion 30 as shown 1n FI1G. 22. With the above configu-
ration, because a region to which the vertical electric field 1s
always applied exists at the end of the transmaissive portion 30,
the generate reverse tilt domain can be reduced.

In the case where no vertical electric field region exists in
the end of the transmissive portion 30, the voltage remains
until the voltage 1s decreased because there 1s no route for
reducing the reverse t1lt domain.

The present invention that has been made by the present
inventors has been described 1n detail on the basis of the
embodiments. However, the present invention 1s not limited
to the above embodiments, and 1t will be obvious to those
skilled 1n the art that various changes may be made without
departing from the scope of the invention.

What 1s claimed 1s:

1. A transtlective liquid crystal display device comprising:

a liquid crystal display panel having a first substrate, a

second substrate, and a liquid crystal interposed
between the first substrate and the second substrate 1n
which the liquid crystal display panel includes a plural-
ity of subpixels having a transmissive portion and a
reflective portion,

wherein the transmissive portion of each of the plurality of

subpixels includes a first common electrode formed on
the first substrate, and a transmissive pixel electrode
formed on the first common electrode through an inter-
layer msulating film,

wherein the transmissive pixel electrode has a plurality of

pectinate electrodes or slits, and

wherein the reflective portion of each of the plurality of

subpixels includes a retlective electrode formed on the
first common electrode, a planar retlective pixel elec-
trode formed on the first common electrode through the
interlayer insulating film, second common electrodes
formed on the second substrate, and a retarder formed
between the second common electrodes and the second
substrate.
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2. The transtlective liquid crystal display device according,
to claim 1,
wherein the transmissive pixel electrode includes a plural-
ity of pectinate electrodes, each of the plurality of pec-
tinate electrodes has an oblique portion at one end of the
reflective pixel electrode side so that an interval between
the oblique portion and the other pectinate electrode
becomes gradually larger, and a leading end of the pec-
tinate electrode at the opposite side ol the reflective pixel
clectrode 1s hooked.
3. The transtlective liquid crystal display device according,
to claim 1,
wherein the reflective portion of each of the plurality of
subpixels has a retlective pixel electrode having a plu-
rality of pectinate electrodes or slits instead of the planar
reflective pixel electrode.
4. A transflective liquid crystal display device comprising:

a liquid crystal display panel having a first substrate, a
second substrate, and a liquid crystal interposed
between the first substrate and the second substrate 1n
which the liquid crystal display panel includes a plural-
ity of subpixels having a transmissive portion and a
retlective portion,

wherein the transmissive portion of each of the plurality of
subpixels includes a transmissive pixel electrode having,
a plurality of pixel pectinate electrodes and a first com-
mon electrode having a plurality of common pectinate
clectrodes which are disposed between the respective
pixel pectinate electrodes of the transmissive pixel elec-
trode, and

wherein the reflective portion of each of the plurality of
subpixels includes a planar reflective pixel electrode
formed at a position of the same layer as that of the
transmissive pixel electrode, a reflective electrode
formed on the planar reflective pixel electrode, second
common electrodes formed on the second substrate, and
a retarder formed between the second common elec-
trodes and the second substrate.

5. The transtlective liquid crystal display device according,

to claim 1,

wherein the reflective portion of each of the plurality of
subpixels has a reflective pixel electrode having a plu-
rality of pectinate electrodes instead of the planar retlec-
tive pixel electrode.

6. A transtlective liquid crystal display device comprising:

a liquid crystal display panel having a first substrate, a
second substrate, and a liquid crystal interposed
between the first substrate and the second substrate in
which the liquid crystal display panel includes a plural-
ity of subpixels having a transmissive portion and a
reflective portion,

wherein the transmissive portion of each of the plurality of
subpixels includes a transmissive pixel electrode formed
on the first substrate and a first common electrode
formed on the first substrate,

wherein the reflective portion of each of the plurality of
subpixels includes a planar reflective pixel electrode
formed at a position of the same layer as that of the
transmissive pixel electrode, a reflective electrode, and
second common electrodes formed on the second sub-
strate,

wherein a step formation layer 1s formed between the sec-
ond common electrodes and the second substrate,

wherein the step formation layer has a tapered boundary
portion between the transmissive portion and the reflec-
tive portion of each of the sub-pixels, and
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wherein the second common electrodes extend to a tapered
bottom portion of the step formation layer, and each
leading portion of the second common electrodes is
positioned 1n the transmissive region of each of the sub-
pixels.
7. The transflective liquid crystal display device according
to claim 1,

wherein the reflective portion of each of the subpixels 1s
disposed 1n the center of each of the subpixels 1n a first
direction orthogonal to a display line, and
wherein the transmissive portion of each of the subpixels 1s
disposed at both sides of the reflective portion 1n the first
direction.
8. The transtlective liquid crystal display device according,
to claim 1,
wherein the reflective electrode 1s formed of a metal layer
having a high reflectivity.
9. The transtlective liquid crystal display device according
to claim 1,
wherein the transmissive pixel electrode 1s integrated with
the reflective pixel electrode, and
wherein a slit 1s formed between the transmissive pixel
clectrode and the reflective pixel electrode.
10. The transtlective liquid crystal display device accord-
ing to claim 1,
wherein a video voltage 1s applied to the transmissive pixel
clectrode and the reflective pixel electrode, 1ndepen-
dently.
11. The transtlective liquid crystal display device accord-
ing to claim 1,
wherein an orientation control slit 1s formed 1n the reflec-
tive pixel electrode.
12. The transflective liquid crystal display device accord-
ing to claim 1,
wherein an orientation control dielectric projection 1s
tformed on the reflective pixel electrode.
13. The transtlective liquid crystal display device accord-
ing to claim 1,
wherein an orientation control slit 1s formed on the second
common electrodes.
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14. The transtlective liquid crystal display device accord-
ing to claim 1,
wherein an orientation control dielectric projection 1is
formed on the second common electrodes.
15. The transtlective liquid crystal display device accord-
ing to claim 1,
wherein the first common electrode has an orientation con-
trol slit formed at a portion that comes 1n contact with at
least one side of the reflective portion of each of the
subpixels.
16. The transflective liquid crystal display device accord-
ing to claim 1,
wherein the reflective electrode 1s formed with an orienta-
tion control slit, and
wherein one reflective electrode on one display line 1s
connected with the reflective electrode 1s connected to
another reflective electrode that 1s adjacent to the one
reflective electrode at portions where no orientation con-
trol slits of the reflective electrodes are formed.
17. The transflective liquid crystal display device accord-
ing to claim 1,
wherein the first common electrode 1s divided in each of the
display lines.
18. The transflective liquid crystal display device accord-
ing to claim 17,
wherein a metal layer that forms the reflective electrode 1s
formed on at least a part of the first common electrode.
19. The transtlective liquid crystal display device accord-
ing to claim 1,
wherein the second common electrodes are integrally so
formed as to cover the plurality of subpixels on the
second substrate, and has an opening portion at a portion
of each of the subpixels opposite to the transmissive
portion.
20. The transtlective liquid crystal display device accord-
ing to claim 1,
wherein the second common electrodes are of a laminate
structure of a transparent electrode and a low resistant
metal wiring.
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